Atty. Docket No.: FUJI- 179 

A SEMICONDUCTOR DEVICE EXHIBITING A HIGH BREAKDOWN 
VOLTAGE AND THE METHOD OF MANUFACTURING THE SAME 

Field of the Invention 
The present invention relates to lateral semiconductor devices exhibiting a high 
breakdown voltage used in high-breakdown-voltage power IC's for switching power 
supplies, for driving motors, or for driving inverters for fluorescent lamps. 

Background 

Recently, PWM (pulse width modulation) has been widely used for controlling 
switching power supplies, for driving motors and for driving inverters for fluorescent 
lamps. In association with this, PWM control circuits that exhibit excellent performance, 
are small in size, are manufactured at reduced cost, are very reliable, and consume less 
electric power, are highly desirable. To meet these conditions, there is an increased need 
for power IC's, in which are integrated power semiconductor devices exhibiting a high 
breakdown voltage. Since the power IC's drive the transformer in a power supply of 100 V 
or 200 V, it is highly desirable for the semiconductor devices in the power IC to exhibit a 
breakdown voltage of 700 V. To integrate the semiconductor devices easily with their 
control means, it is necessary to employ lateral semiconductor devices, the substrate and 
the drift region of which are highly resistive (lightly doped), as disclosed in The Institute of 
Electronic Engineers of Japan, EDD-93-21, 21-29 (1993) and U.S. Patent No. 5,452,370. 

Fig. 2 1 is a cross-sectional view of a conventional semiconductor device exhibiting 
a high breakdown voltage. Referring to Fig. 21, an n-type well region 172 is formed in a p- 
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type substrate 171 with high resistivity of around 150 ohm-cm. A p-type base region 173 
is formed in n-type well region 172. The surface impurity concentration (hereinafter 
referred to as the "surface concentration") in n-type well region 172 is 3 x 10 16 cm' 3 , and 
the diffusion depth of n-type well region 172 is 6 micrometers. The surface concentration 
in p-type base region 173 is 3 x 10 16 cm 3 , and the diffusion depth of p-type base region 173 
is 2 micrometers. The surface concentration of the p-type base region determines the 
threshold voltage of the power MOSFET. 

A p-type diffusion region 1 79, which works as a p-type offset region, is formed in 
the surface portion of an n-type drift region (Ld section). The p-type diffusion region 179 
is 1 micrometer in depth. The surface concentration of p-type diffusion region 1 79 is 5 x 
10 16 cm' 3 . Then, an insulation film 180, such as a LOCOS film made by thermal oxidation, 
is formed on p-type diffusion region 179. Insulation film 180 is 0.6 micrometer in 
thickness. An n-type source region 175 is in the surface portion of p-type base region 173. 
An n-type drain region 174 is in the surface portion of n-type well region 172. The n-type 
source region 175 and n-type drain region 174 are spaced apart from each other with p-type 
diffusion region 179 interposed therebetween. A polysilicon gate electrode 177 is formed 
on the extended portion of p-type base region 173 extended between n-type source region 
175 and n-type well region 172 with a gate oxide film 183 of 25 nm in thickness interposed 
therebetween. Not shown are n + -type contact regions, 0.2 micrometer in diffusion depth, 
which are formed in n-type source region 175 and n-type drain region 174. The surface 
concentration of the n + -type contact region is 1 x 10 20 cm" 3 . A p + -type contact region 176 is 
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formed in the surface portion of p-type base region 173. The surface concentration of p + - 
type contact region 176 is 5 x 10 19 cm* 3 . The diffusion depth of p + -type contact region 176 
is 0.5 micrometer. A interlayer insulation film (not shown) is formed. Contact holes are 
bored through the interlayer insulation film. A sourc^electrode 181 and a drain electrode 
182 are formed. Insulation film 180 is extended onto n-type well region 172, and gate 
electrode 177 is extended onto the extended portion of insulation film 180. In this 
structure, the total donor amount in n-type well region 1 72 below p-type diffusion region 
179 is 1 x 10 12 cm' 2 , A high breakdown voltage is obtained by optimizing the total donor 
amount in n-type well region 172, the impurity concentration in p-type diffusion region 
179, and the width Ld of the n-type drift region. The structure is effective to reduce the on- 
resistance by increasing the impurity concentration in n-type well region 172, while 
optimizing the respective impurity concentrations in p-type diffusion region 179 and n-type 
well region 1 72 independently. 

The conventional steps for forming p-type diffusion region 1 79 will be briefly 
described below. Fig. 22(a) is a cross-sectional view illustrating the conventional ion 
implantation step for forming a p-type impurity diffusion region. Fig. 22(b) is a cross- 
sectional view for explaining the conventional thermal diffusion step for forming the p- 
type impurity diffusion region. 

Referring to Fig. 22(a), a photoresist 52 is formed on an n-type silicon substrate 5 1 . 
A photomask (not shown) is positioned on photoresist 52. Photoresist 52 is patterned 
through this photomask to obtain a mask having an opening, through which ions are 
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implanted. Then boron ion irradiation 55 is performed over the entire surface of silicon 
substrate 5 1 . Boron ions 54 are implanted through the opening of photoresist 52 into a 
diffusion region 53. Referring to Fig. 22(b), photoresist 52 is removed. The implanted 
boron ions are activated thermally and diffused thermally into silicon substrate 5 1 , 
resulting in a p-type region 56. 

Alternatively, an Si0 2 film may be used as a mask for the ion implantation. In that 
case, a sheet of photomask, which is a sheet of glass patterned with emulsion or chromium, 
is prepared to form a mask for ion implantation. 

Fig. 23 is a cross-sectional view of a conventional lateral power MOSFET 
exhibiting a high breakdown voltage and including the impurity diffusion region described 
with reference to Figs. 22(a) and 22(b). The lateral power MOSFET of Fig. 23 exhibits a 
breakdown voltage of 700 V or higher. When a gate signal of +5 V is applied to a gate 
electrode 608, a channel is created in a p-type base region 603 beneath a gate electrode. 
Electrons flow from an n-type source region 604 to an n-type drift region (n-type substrate 
601) via the channel. The electrons are absorbed into an n-type drain region 605, resulting 
in an ON-state of the device. When the gate signal is removed, a reverse bias voltage is 
applied across the pn-j unction plane between p-type base region 603 and the n-type drift 
region (n-type silicon substrate 601), and the pn-junction plane between the n-type drift 
region (n-type silicon substrate 601) and a p-type offset region 602, such that a certain 
breakdown voltage is secured by the entire structure of the device, In Fig. 23, there are 
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shown a p-type contact region 606, a gate oxide film 607, an insulation film 609, a source 

electrode 610 and a drain electrode 611. 

Fig. 24 shows an electric field strength distribution (a) in the cross-section (b) of 
the conventional semiconductor device exhibiting a high breakdown voltage shown in Fig. 
21. When n-type well region 172 in Fig. 21 is heavily doped to reduce the on- voltage, 
intensive electric field localization is caused on the side of the source electrode as shown in 
(a) of Fig. 24. Since p-type diffusion region 179 is extended toward the drain electrode, 
intensive electric field localization is caused also in the anode side surface as shown in (a) 
of Fig. 24. Due to the electric field localization described above, the electric field strength 
EA at location A, or the electric field strength EB at location B on the boundary of the 
oxide film, exceeds 3 x 10 5 V/cm, causing a breakdown at location A or B. The 
breakdown voltage of the structure is determined by the surface structure, and it is also 
affected (1) by parasitic charges on the boundary of and in the oxide film and (2) by 
external parasitic charges on the device surface, making the breakdown voltage unstable. 
When the device is molded with a resin, more intense electric field localization is caused 
by the moveable ions in the mold resin, reducing the breakdown voltage in some cases. 
Since the margin of the implanted ion dose amounts in n-type well region 172 and p-type 
diffusion region 179 for the breakdown voltage is small, a low breakdown voltage is 
caused by deviations in the amount of the implanted ion dose. 

In view of the foregoing, it is an object of the invention to provide a semiconductor 
device exhibiting a high breakdown voltage, which is also manufactured at low 



Atty. Docket No.: FUJI- 179 
manufacturing cost. It is another object of the invention to provide a semiconductor device 
that obviates the problems described above and facilitates stabilizing the high breakdown 
voltage thereof. It is still another object of the invention to provide a method for 
manufacturing a semiconductor device exhibiting a high breakdown voltage, specifically a 
method for forming an impurity diffusion region in the semiconductor device. 

Summary of the Invention 
According to a first aspect of the invention, there is provided a semiconductor 
device exhibiting a high breakdown voltage, the semiconductor device including: (1) a first 
region of a first conductivity type (n-type well region); (2) a second region of a second 
conductivity type (p-type base region) formed selectively in the surface portion of the first 
region; (3) a third region of the first conductivity type (n-type drain region) formed 
selectively in the surface portion of the first region, the second region and the third region 
being spaced apart from each other; (4) a fourth region of the first conductivity type (n-type 
source region) formed selectively in the surface portion of the second region; (5) a fifth 
region of the second conductivity type (p-type offset region: p-type diffusion region) 
formed selectively in the surface portion of the first region between the second region and 
the third region; (6) a first insulation film (thermally oxidized film such as a LOCOS film) 
on the fifth region; (7) a gate electrode above the extended portion of the second region, 
extending between the fourth region and the first region with a gate insulation film 
interposed between the extended portion of the second region and the gate electrode; (8) a 
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first main electrode (source electrode) on the fourth region; (9) a second main electrode 

(drain electrode) on the third region; and (10) a plurality of sub-regions in the fifth region, 

which subregions are aligned between the second region (p-type base region) and the third 

region (n-type drain region). The impurity concentrations of these sub-regions are different 

from each other. 

Advantageously, the depths of the sub-regions of the fifth region are different from 
each other. Also advantageously, the gate electrode is extended onto the first insulation 
film. 

According to a second aspect of the invention, there is provided a semiconductor 
device exhibiting a high breakdown voltage, the semiconductor device including: (1) a 
semiconductor substrate of a second conductivity type; (2) a first region of a first 
conductivity type formed selectively in the surface portion of the semiconductor substrate; 
(3) a second region of the second conductivity type formed selectively in the surface 
portion of the semiconductor substrate; (4) a third region of the first conductivity type 
formed selectively in the surface portion of the first region, the second region and the third 
region being spaced apart from each other; (5) a fourth region of the first conductivity type 
formed selectively in the surface portion of the second region; (6) a fifth region of the 
second conductivity type formed selectively in the surface portion of the first region 
between the second region and the third region; (7) a first insulation film on the fifth 
region; (8) a gate electrode above the extended portion of the second region and extending 
between the fourth region and the first region with a gate insulation film interposed 
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between the extended portion of the second region and the gate electrode; (9) a first main 

electrode on the fourth region; (10) a second main electrode on the third region; and (1 1) a 
plurality of sub-regions in the fifth region, which are aligned between the second region 
and the third region, the impurity concentrations of these sub-regions being different from 
5 each other. 

Advantageously, the impurity concentration of the sub-region on the side of the 
second region is higher than the impurity concentration of the sub-region on the side of the 
third region. Also advantageously, the diffusion depth of the sub-region on the side of the 

□ second region is deeper than the diffusion depth of the sub-region on the side of the third 

1 Oi region. Further, the impurity concentration of the sub-region is preferably the 

^ concentration of an impurity of the second conductivity type. Still further, the surface 

I'Q 

m concentration of the fifth region of the second conductivity type is preferably changed by 

□ adding an impurity of the first conductivity type, the amount thereof being less than the 
H amount of the impurity of the second conductivity type in the fifth region. 

- SHI 
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1§ J The electric field strength is relaxed by forming the p-type offset region of a 
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plurality of sub-regions, the impurity concentrations and the depths thereof being different 
from each other, respectively. The extended portion of the gate electrode extending onto 
the thermally oxidized film works as a field plate, which facilitates relaxing the electric 
field strength around the extended portion of the gate electrode. 

2 o According to a third aspect of the invention, there is provided a method of 

manufacturing a semiconductor device exhibiting a high breakdown voltage, the method 
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including the steps of: (1) selectively forming a second region of a second conductivity 
type (p-type base region) and a third region of a first conductivity type (n-type drain region) 
in the surface portion of a first region of the first conductivity type (n-type well region), the 
second region and the third region being spaced apart from each other; (2) selectively 
forming a fourth region of the first conductivity type (n-type source region) in the surface 
portion of the second region; (3) selectively forming a fifth region of the second 
conductivity type (p-type offset region: p-type diffusion region) in the surface portion of 
the first region between the second region and the third region; (4) forming a first 
insulation film (thermally oxidized film) on the fifth region; (5) forming a gate electrode 
above the extended portion of the second region extending between the fourth region and 
the first region with a gate insulation film interposed between the extended portion of the 
second region and the gate electrode; (6) forming a first main electrode (source electrode) 
on the fourth region; and (7) forming a second main electrode (drain electrode) on the third 
region. The step of selectively forming the fifth region includes (a) the introduction of a 
predetermined amount of an impurity of the second conductivity type (p-type impurity) in 
the portion of the first region wherein the fifth region is intended to be formed; (b) dividing 
the portion of the first region intended into a plurality of sub-regions; (c) adding a further 
amount of the impurity of the second conductivity type to the sub-region nearer to the 
second region; and (d) thermally driving the impurity into the sub-regions collectively. 

According to a fourth aspect of the invention, there is provided a method of 
manufacturing a semiconductor device exhibiting a high breakdown voltage, the method 
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including the steps of: (1) selectively forming a second region of a second conductivity 
type and a third region of a first conductivity type in the surface portion of a first region of 
the first conductivity type, the second region and the third region being spaced apart from 
each other; (2) selectively forming a fourth region of the first conductivity type in the 
surface portion of the second region; (3) selectively forming a fifth region of the second 
conductivity type in the surface portion of the first region between the second region and 
the third region; (4) forming a first insulation film on the fifth region; (5) forming a gate 
electrode above the extended portion of the second region extending between the fourth 
region and the first region with a gate insulation film interposed between the extended 
portion of the second region and the gate electrode; (6) forming a first main electrode on 
the fourth region; (7) forming a second main electrode on the third region. In this aspect of 
the invention, the step of selectively forming the fifth region includes: (a) introducing a 
predetermined amount of an impurity of the second conductivity type in the portion of the 
first region, wherein the fifth region is intended to be formed; (b) dividing the intended 
portion of the first region into a plurality of sub-regions; (c) adding a further amount of the 
impurity of the second conductivity type to the sub-region nearer to the second region; and 
(d) introducing a further amount of an impurity of the first conductivity type to the sub- 
region nearer to the third region, the amount of the impurity of the first conductivity type 
being less than the predetermined amount of the impurity of the second conductivity type; 
and (e) thermally driving the impurities into the sub-regions collectively. 
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According to a fifth aspect of the invention, there is provided a method of 
manufacturing a semiconductor device exhibiting a high breakdown voltage, the method 
including the steps of: (1) selectively forming a second region of a second conductivity 
type and a third region of a first conductivity type in the surface portion of a first region of 
the first conductivity type, the second region and the third region being spaced apart from 
each other; (2) selectively forming a fourth region of the first conductivity type in the 
surface portion of the second region; (3) selectively forming a fifth region of the second 
conductivity type in the surface portion of the first region between the second region and 
the third region; (4) forming a first insulation film on the fifth region; (5) forming a gate 
electrode above the extended portion of the second region extending between the fourth 
region and the first region with a gate insulation film interposed between the extended 
portion of the second region and the gate electrode; (6) forming a first main electrode on 
the fourth region; and (7) forming a second main electrode on the third region. In this 
aspect of the invention, the step of selectively forming the fifth region includes: (a) 
dividing the portion of the first region, wherein the fifth region is intended to be formed, 
into a plurality of sub-regions; (b) introducing a further amount of an impurity of the first 
conductivity type to the sub-region nearer to the third region; (c) introducing a 
predetermined amount of an impurity of the second conductivity type to the sub-regions, 
the predetermined amount of the impurity of the second conductivity type being more than 
the amount of the impurity of the first conductivity type; and (d) thermally driving the 
impurities into the sub-regions collectively. 
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Advantageously, the method further includes the step of extending the gate 

electrode onto the first insulation film. Also advantageously, the method further includes 

the step of selectively forming the first region in the surface portion of a semiconductor 

substrate of the second conductivity type. 

According to a sixth aspect of the invention, there is provided a method of 
manufacturing a semiconductor device exhibiting a high breakdown voltage, the method 
including the steps of: (1) forming a mask for ion implantation, the mask having an 
opening, the area thereof becoming wider toward the semiconductor substrate; (2) 
implanting impurity ions into the surface portion of the semiconductor substrate below the 
opening of the mask; and (3) thermally driving the implanted impurity ions to form an 
impurity diffusion region in the semiconductor substrate. 

Advantageously, the step of forming a mask includes laminating a plurality of 
layers on the semiconductor substrate, followed by etching the layers one by one from the 
uppermost layer to the lowermost layer, using the upper layer as a mask for etching the 
lower layer so as to form a wider opening in the lower layer. 

According to a seventh aspect of the invention, there is provided a method of 
manufacturing a semiconductor device exhibiting a high breakdown voltage, the method 
including the steps of: (1) forming an oxide film on a semiconductor substrate; (2) coating 
a photoresist on the oxide film; (3) positioning a photomask on the photoresist; (4) 
selectively forming an opening in the photoresist through the photomask; (5) removing the 
portion of the oxide film beneath the opening of the photoresist and the portion of the 
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oxide film in a predetermined lateral range from the edge of the opening of the photoresist, 

using the photoresist as a mask; (6) implanting impurity ions through the opening of the 

photoresist, the oxide film and the photoresist to implant the impurity ions into the surface 

portion of the semiconductor substrate beneath: 

5 (a) the opening of the photoresist, 

(b) the surface portion of the semiconductor substrate beneath the photoresist 
but not covered by the oxide film and 

(c) the surface portion of the semiconductor substrate beneath the oxide film; 
£3 and (7) thermally driving the implanted impurity ions to form an impurity diffusion region 

u a 

1 pH in the semiconductor substrate. 

£ ; ** 

^ According to an eighth aspect of the invention, there is provided a method of 

f n manufacturing a semiconductor device exhibiting a high breakdown voltage, the method 

C3 including the steps of: (1) forming an oxide film on a semiconductor substrate; (2) forming 

^2 a nitride film on the oxide film; (3) coating a photoresist on the nitride film; (4) curing the 

lg photoresist; (5) selectively forming an opening in the photoresist by photolithography; (6) 

removing the portion of the nitride film beneath the opening of the photoresist to form an 
opening in the nitride film; (7) removing the portion of the oxide film beneath the opening 
of the nitride film and the portion of the oxide film in a predetermined lateral range from 
the edge of the opening of the nitride film, using the nitride film as a mask to form an 
20 opening in the oxide film; (8) implanting boron ions into the entire surface portion of the 

semiconductor substrate using the photoresist, the nitride film and the oxide film as a 
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mask; (9) removing the mask formed by the photoresist, the nitride film and the oxide film; 
and (10) thermally driving the implanted boron ions to form an impurity diffusion region in 
the semiconductor substrate. 

According to a ninth aspect of the invention, there is provided a method of 
manufacturing a semiconductor device exhibiting a high breakdown voltage, the method 
including the steps of: (1) forming an oxide film on a semiconductor substrate; (2) forming 
a nitride film on the oxide film; (3) coating a photoresist on the nitride film; (4) positioning 
a photomask on the photoresist; (5) selectively forming an opening in the photoresist 
through the photomask; (6) removing the portion of the nitride film beneath the opening of 
the photoresist and the portion of the nitride film in a predetermined lateral range from the 
edge of the opening of the photoresist, using the photoresist as a mask; (7) implanting 
impurity ions of a first conductivity type into the semiconductor substrate using the 
photoresist as a mask; (8) removing the photoresist; (9) thermally treating the portion of the 
oxide film not covered by the nitride film to form a selectively oxidized film; (10) 
removing the nitride film; (11) implanting impurity ions of a second conductivity type into 
the semiconductor substrate using the selectively oxidized film as a mask; and (12) 
thermally driving the implanted impurity ions of the first conductivity type and the 
implanted impurity ions of the second conductivity type to form an impurity diffusion 
region of the first conductivity type and an impurity diffusion region of the second 
conductivity type in the semiconductor substrate. 
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Brief Description of the Drawings 
Fig. 1 is a cross-sectional view of a semiconductor device exhibiting a high 
breakdown voltage according to the first embodiment of the invention. 

Fig. 2 shows a pair of curves for comparing the distributions of electric field 
strength in the conventional p-type offset region and the p-type offset region according to 
the invention, including a plurality of sub-regions in which the impurity concentrations 

differ from each other. 

Fig. 3 is a cross-sectional view illustrating one of the manufacturing steps according 
to the second embodiment of the invention for manufacturing a semiconductor device 
exhibiting a high breakdown voltage. 

Fig. 4 is a cross-sectional view illustrating one of the manufacturing steps according 
to the second embodiment of the invention for manufacturing a semiconductor device 
exhibiting a high breakdown voltage. 

Fig. 5 is a cross-sectional view illustrating one of the manufacturing steps according 
to the second embodiment of the invention for manufacturing a semiconductor device 
exhibiting a high breakdown voltage. 

Fig. 6 is a cross-sectional view illustrating one of the manufacturing steps according 
to the second embodiment of the invention for manufacturing a semiconductor device 
exhibiting a high breakdown voltage. 
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Fig. 7 is a cross-sectional view illustrating one of the manufacturing steps according 
to the second embodiment of the invention for manufacturing a semiconductor device 
exhibiting a high breakdown voltage. 

Fig. 8 is a cross-sectional view illustrating one of the manufacturing steps according 
to the second embodiment of the invention for manufacturing a semiconductor device 
exhibiting a high breakdown voltage. 

Fig. 9 is a cross-sectional view illustrating one of the manufacturing steps according 
to the second embodiment of the invention for manufacturing a semiconductor device 
exhibiting a high breakdown voltage. 

Fig. 10 is a cross-sectional view illustrating one of the manufacturing steps 
according to the second embodiment of the invention for manufacturing a semiconductor 
device exhibiting a high breakdown voltage. 

Fig. 1 1 is a cross-sectional view illustrating one of the manufacturing steps 
according to the second embodiment of the invention for manufacturing a semiconductor 
device exhibiting a high breakdown voltage. 

Fig. 12 is a cross-sectional view illustrating one of the manufacturing steps 
according to the second embodiment of the invention for manufacturing a semiconductor 
device exhibiting a high breakdown voltage. 

Fig. 13 is a cross-sectional view of a semiconductor device exhibiting a high 
breakdown voltage according to the third embodiment of the invention. 
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~ Fig. 14 shows the simulated distribution of the electric field strength (a) across the 
cross-section (b) of the semiconductor dfevice according to the third embodiment of the 

inventio n. ^ 1 — ■ — 

Fig. 1 5 is a cross-sectional view of a semiconductor device exhibiting a high 

breakdown voltage according to the fourth embodiment of the invention. 

Figs. 16(a) through 16(e) are cross-sectional views for explaining the steps of 

forming an impurity diffusion region, including a plurality of sub-regions in which the 

impurity concentrations differ from each other. 

Figs. 17(a) through 17(e) are cross-sectional views for explaining the steps of 

forming an impurity diffusion region, including a plurality of sub-regions in which the 

impurity concentrations differ from each other, according to the fifth embodiment of the 

invention. 

Figs. 18(a) through 18(d) are cross-sectional views for explaining the steps of 
forming a plurality of impurity diffusion regions, in which the conductivity types differ 
from each other, according to the sixth embodiment of the invention. 

Fig. 19 is a cross-sectional view of a semiconductor device including a p-type 
region formed of a plurality of p-type sub-regions, the impurity concentrations thereof 
differing from each other. 

Fig. 20 is a cross-sectional view of a semiconductor substrate with a plurality of 
masks formed thereon to form a p-type region, including a plurality of sub-regions in 
which the impurity concentrations differ from each other. 

-17- 
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Fig. 21 is a cross-sectional view of a conventional semiconductor device exhibiting 

a high breakdown voltage. 

Fig. 22(a) is a cross-sectional view illustrating the conventional ion implantation 
step for forming a p-type impurity diffusion region. 

Fig. 22(b) is a cross-sectional view for explaining the conventional thermal 
diffusion step for forming the p-type impurity diffusion region. 

Fig. 23 is a cross-sectional view of a conventional lateral power MOSFET 
exhibiting a high breakdown voltage and including the impurity diffusion region described 
with reference to Figs. 22(a) and 22(b). 

Fig. 24 shows an electric field strength distribution across a conventional 
semiconductor device exhibiting a high breakdown voltage, as shown in Fig. 21 . 

Detailed Description of the Invention 
The invention will now be explained with reference to the accompanying drawings, 
which illustrate the preferred embodiments of the invention. The semiconductor device 
according to the invention includes, as shown in Fig. 1 9, a p-type region (p-type offset 
region) 57 including a plurality of sub-regions, the impurity concentrations thereof 
differing from sub-region to sub-region. This p-type region is substituted for p-type region 
602 (p-type offset region) shown in Fig. 23, in which the impurity concentration 
distribution and the depth are uniform. The semiconductor device according to the 
invention, which includes p-type region 57 described above, facilitates the prevention of 
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electric field localization. In Fig. 19, p-type region 57 includes three sub-regions I 5 II and 
III, the impurity concentrations thereof differing from sub-region to sub-region. The sub- 
regions, having the impurity concentrations that differ from each other, are formed by one 
of the following two methods (a first method and a second method). 

Although not illustrated, the first method repeats multiple times the ion 
implantation shown in Fig. 22(a), with the masks being changed from one ion implantation 
to another and, then, thermally driving all the implanted ions at once. The second method 
prepares three kinds of masks 61, 62 and 63; combines the masks 61, 62 and 63 
appropriately, such that the resultant local mask thickness is different between the regions 
B, C and D, as shown in Fig. 20; and controls the dose amounts of ions 59 by one-step ion 
implantation 58. 

In the first method, It is necessary to prepare as many photomasks as there are sub- 
regions, since one photomask is used for forming each sub-region. It is also necessary in 
the second method to prepare as many photomasks as there are sub-regions, since the local 
mask thickness is obtained by combining different masks. 

The first method will first be explained more in detail below. Fig. 1 is a cross- 
sectional view of a semiconductor device exhibiting a high breakdown voltage according to 
a first embodiment of the invention. The semiconductor device shown in Fig. 1 is a lateral 
MOSFET exhibiting a high breakdown voltage and including a p-type region (p-type offset 
region), which includes a plurality of sub-regions in which the impurity concentrations 
differ from each other. Referring to Fig. 1 , the lateral MOSFET includes an n-type silicon 



Atty. Docket No.: FUJI- 179 
substrate 71, a p-type base region 87 in the surface portion of substrate 71, an n-type drain 
region 89 in the surface portion of substrate 71, a p-type offset region 83 in the surface 
portion of substrate 71, an n-type source region 88 in the surface portion of p-type base 
region 87, and a p + -type contact region 90 in the surface portion of p-type base region 87. 
The p-type offset region 83 includes a first p-type sub-region 83a, which has the highest the 
impurity concentration and the deepest diffusion depth; a second p-type sub-region 83b, 
which has an intermediate impurity concentration and diffusion depth; and a third p-type 
subregion 83 c, which has the lowest impurity concentration and the shallowest diffusion 
depth. A gate electrode 92 is formed above the extended portion of p-type base region 87 
extending between n-type source region 88 and n-type silicon substrate 71 (or p-type offset 
region 83), with a gate insulation film 91 interposed therebetween. An insulation film 93 is 
formed on gate electrode 92 and p-type offset region 83. A source electrode 94 is formed 
on n-type source region 88. A drain electrode 95 is formed on n-type drain region 89. 

The p-type offset region 83 is different from the conventional p-type offset region 
in that p-type offset region 83 is formed of the first sub-region 83a, the second sub-region 
83b and the third sub-region 83c. The impurity concentrations of these three sub-regions 
are different from each other. Table 1 lists the impurity distribution profile in p-type offset 
region 83. 



Table 1 



Sub-regions 


First sub-region 


Second sub-region 


Third sub-region 


Surface impurity 
concentrations 


7x 10 16 cm' 3 


5x 10 16 cm* 3 


3x 10 16 cm' 3 


Diffusion depths 


1.5 micrometers 


1 .2 micrometers 


0.9 micrometers 
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The surface concentration is the highest in the first sub-region 83a and the lowest in the 
third sub-region 83c. 

Fig. 2 shows a pair of curves for comparing the distributions of electric field 
strength in the conventional p-type offset region and p-type offset region 83 that includes a 
plurality of sub-regions of differing impurity concentrations. 

When the conventional device shown in Fig. 23 is in the OFF-state ? the electric 
field strength is abnormally high at both ends of p-type offset region 602. When the device 
according to the first embodiment shown in Fig. 1 is in the OFF-state, the electric field 
strength is rather uniform across p-type offset region 83 , resulting in improved reliability 
with respect to breakdown voltage of the device. 

The method of forming a p-type offset region including a plurality of sub-regions of 
differing impurity concentrations will be explained below. Figs. 3 through 12 are cross- 
sectional views for explaining the manufacturing steps according to a second embodiment 
of the invention for forming a p-type offset region including a plurality of sub-regions, in 
which the impurity concentrations differ from each other, in a semiconductor device 
exhibiting a high breakdown voltage. 

Referring to Fig. 3, a photoresist 74a is coated on n-type silicon substrate 71 . An 
ultraviolet ray 701 is irradiated through a photomask 700. Then, an opening 75 is formed 
through photoresist 74a by etching. 

Referring to Fig. 4, boron ion implantation 77 is conducted at a high dose amount 
to implant boron ions 76 into n-type silicon substrate 71. Referring to Fig. 5, photoresist 
74a is then removed from n-type silicon substrate 71, a photoresist 74b is coated on n-type 
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silicon substrate 71, an ultraviolet ray 703 is irradiated through a photomask 702, and an 

opening 78 is formed through photoresist 74b by etching. 

Referring to Fig. 6, boron ion implantation 79 is conducted at an intermediate dose 
amount to implant boron ions 80 into n-type silicon substrate 71 . Referring to Fig. 7, 
photoresist 74b is removed from n-type silicon substrate 71, a photoresist 74c is coated on 
n-type silicon substrate 71, an ultraviolet ray 705 is irradiated through a photomask 704, 
and an opening 81 is formed through photoresist 74c by etching. 

Referring to Fig. 8, boron ion implantation 82 is conducted at a low dose amount to 
implant boron ions 81 into n-type silicon substrate 71. Referring to Fig. 9, the implanted 
boron ions are thermally driven to form p-type region 83, which includes three sub-regions 
having impurity concentrations that differ from each other. The p-type region 83 will be a 
p-type offset region. 

Referring to Fig. 10, a photoresist 84 is coated on n-type silicon substrate 71 and p- 
type region 83, an ultraviolet ray 708 is irradiated through a photomask 707, and an 
opening 85 is formed through photoresist 84 by etching. Referring to Fig. 1 1, boron ion 
implantation 87 is conducted at a high dose amount to implant boron ions 86 into n-type 
silicon substrate 71 . Referring to Fig. 12, the implanted boron ions are thermally driven to 
form p-type region 87, which will be a p-type base region. Then, the lateral MOSFET 
exhibiting a high breakdown voltage shown in Fig. 1 is completed through additional 
manufacturing steps not shown, but known to those of ordinary skill in the art. 

Accordingly, for forming a p-type offset region including three sub-regions, having 
impurity concentrations thereof that differ from each other, it is necessary to prepare three 

-22- 
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photomasks 700, 702 and 704 to conduct three photolithographic steps and to conduct 

three ion implantation steps at the respective dose amounts. 

The method of manufacturing a semiconductor device exhibiting a high breakdown 

voltage will be explained in further detail below. Fig. 1 3 is a cross-sectional view of a 

5 semiconductor device exhibiting a high breakdown voltage according to a third 

embodiment of the invention. Referring now to Fig. 13, an n-type well region 152 is 
formed in the surface portion of a p-type substrate 151 with a high resistivity of 150 ohm- 
cm. A p-type base region 153 is formed in the surface portion of n-type well region 152. 

u The surface concentration of n-type well region 152 is 3 x 10 16 cm" 3 . The diffusion depth of 

iff n-type well region 1 52 is about 6 micrometers. After a p-type diffusion region 1 59 

m described later is formed, the total donor amount in n-type well region 152 is 1 x 10 12 cm" 3 . 

W * *H 
■*» 1^ 

ih A p-type diffusion region 1 59 (corresponding to p-type offset region 83 in Fig. 1) is formed 

O in the surface portion of an n-type drift region (the Ld section of n-type well region 152). 

w £ 

^ When the breakdown voltage is 700 V, the Ld section is 70 micrometers in width. The p- 

ife type diffusion region 1 59 is formed by a first p-type sub-region 1 59a in the Lp, section of 

p-type diffusion region 159, a p-type sub-region 159b in the Lp 2 section of p-type diffusion 
region 159, and a p-type sub-region 159c in the Lp 3 section of p-type diffusion region 159 
(corresponding to the first p-type sub-region, the second p-type sub-region, and the third p- 
type sub-region of Fig. 1, respectively). For example, the width Lp x of sub-region 159a is 
20 25 micrometers, the width Lp 2 of sub-region 159b is 20 micrometers, and the width Lp 3 of 

sub-region 159c is 25 micrometers. For example, the surface concentration in the Lp, 
section is set higher by about 1 0% than that in the Lp 2 section, and the surface 



-23- 



Atty. Docket No.: FUJI- 179 
concentration in the Lp 3 section is set lower by about 10% than that in the Lp 2 section. 

Specifically, the surface concentration in the Lp, section is 5.5 x 10 16 cm" 3 , the surface 

concentration in the Lp 2 section is 5.0 x 10 16 cm" 3 , and the surface concentration in the Lp 3 

section is 4.5 x 10 16 cm" 3 . 



! 
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In the actual manufacturing process, boron ions are implanted into the region 

including the sections Lp„ Lp 2 and Lp 3 , so that the surface boron concentration may be 5.0 

x 10 16 cm" 3 after heat treatment. Boron ions are added to the Lp, section so that the 

resultant surface boron concentration in the Lp, section may be 5.5 x 10 16 cm* 3 after heat 

5 treatment. Phosphorus ions are doped to the Lp 3 section, so that the surface phosphorus 

concentration in the Lp, section may be 0.5 x 10 16 cm' 3 after heat treatment to compensate 
for the boron concentration. Since the thermal drive steps are conducted under the same 
conditions for the sake of simplicity, the diffusion depth is about 1.1 micrometers for Lp, 

C3 section, 1.0 micrometer for Lp 2 section, and 0.9 micrometer for Lp 3 section. Thus, the 

lp2 surface concentrations and the diffusion depths of the sub-regions 159a, 159b, and 159c are 

% adjusted precisely by doping a certain amount of boron ions in advance and by then doping 

[ft an additional amount of boron ions or phosphorus ions. The surface concentration in p- 

□ type base region 153 is 3 x 10 16 cm" 3 . The diffusion depth of the p-type base region 153 is 

— — . 

E 2 about 2 micrometers. The threshold voltage of the power MOSFET is set by the surface 

l|T concentration in p-type base region 153. Alternatively, the p-type region including a 

plurality of sub-regions, in which both the surface concentration and the diffusion depths 
differ from each other, may be formed by only implanting boron ions, although the 
precision of this method of manufacturing is not as good. 

Then, an insulation film 160 of 0.6 micrometer in thickness, such as a LOCOS film 
20 (thermally oxidized silicon film), is formed. A polysilicon gate electrode 157 is formed on 

a gate oxide film 163 (insulation) of 25 nm in thickness. The symbol L in Fig. 13 
designates the region in which a channel is formed. Although not shown in Fig. 13, n + -type 
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contact regions are formed in an n-type source region 155 and an n-type drain region 154. 
The surface concentration of n + -type contact regions is 1 x 10 20 cm" 3 . The diffusion depth 
of n + -type contact regions is 0.2 micrometer. A p + -type contact region 156 is formed in the 
surface portion of p-type base region 153. The surface concentration of p + -type contact 
region 156 is 5 x 10 19 cm' 3 . The diffusion depth of p + -type contact region 156 is 0.5 
micrometer. An interlayer insulation film (not shown) is formed, and contact holes are 
bored. Also, a source electrode 161 and a drain electrode 162 are formed. 

Various alternative methods may be employed to provide p-type diffusion region 
159 with impurity concentration variations. The number of sub-regions in p-type diffusion 
region 159 is not limited to three (sub-region 159a, including the boron diffusion depth 158 
as a dotted line, and subregions 159b and 159c). The number of sub-regions in p-type 
diffusion region 159 depends on the breakdown voltage class, the oxide film thickness, the 
state of mounting, the circumstances in which the device is used, and other such 
conditions. It is not always necessary to cover p-type base region 153 with n-type well 
region 152. The semiconductor device including an n-type well region connected to the 
channel region (L section), which is an n-type well region in surface contact with the p-type 
base region, operates properly as intended. 

It has been confirmed by simulation that the electric field strength distributes across 
the semiconductor structure described above, as illustrated in Fig. 14(a). The electric field 
strengths EC, ED, EE and EF at the poiAts C, D, E and F are lower than 2 x 10 5 V/cm. The 
electric field strength is low at these poirffls due to (1) the depletion layer expanding from 
the pn-junction between p-type base region 153 and n-type well region 152 to n-type well 
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region 152 and (2) the depletion lay&: expanding from the pn-junction between n-type well 

region 152 and p-type diffusion regioi\l59 to the portion of p-type diffusion region 159 

near n-type drain region 154. The breakdown voltage of the device is determined by the 

breakdown voltage of the junction portionYpoint G) between n-type well region 152 and p- 

type substrate 151 below n-type drain region\54. 



The structure described above facilitates securing a stable breakdown voltage at 
high temperature and under the application of high voltage over a long period of time. The 
volume of n-type well region 152 below p-type diffusion sub-region 153c, which causes 
the most part of the on-resistance, is increased in the structure of the invention over that 
exhibited in the conventional semiconductorWructure, and the on-resistance is reduced. 
When n-type well region 152 is formed by diffusion, the heavily doped region is expanded, 
and the on-resistance is reduced by 5%, as corlpared to that of the conventional 
semiconductor structure. 



Fig. 1 5 is a cross-sectional view of a semiconductor device exhibiting a high 
breakdown voltage according to a fourth embodiment of the invention. Referring to Fig. 
15, the semiconductor device according to the fourth embodiment includes a p-type 
substrate 151 with high resistivity of 150 ohm-cm, an n-type well region 164 in the surface 
portion of p-type substrate 151, and a p-type baselregion 1 53 in the surface portion of n- 
type well region 164. The p-type well region 164 includes a first n-type well sub-region 
165, a second n-type well sub-region 166, and a third n-type well sub-region 167, with the 
impurity concentrations for each sub-region differing from each other. The surface 
concentration is 2.4 x 10 16 cm" 3 for first well sub-region 165, 3.0 x 10 16 cm" 3 for second 
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well sub-region 166, and 3.6 x 10 16 cm" 3 for third well sub-region 167. The diffusion depth 
is 4 micrometers for first well sub-region 165, p micrometers for second well sub-region 
166, and 6 micrometers for third well sub-regi )n 167. For example, the width Lp { is about 
25 micrometers, the width Lp 2 is about 20 mic rometers, and the width Lp 3 is about 25 
micrometers. A p-type diffusion region 169 (p-type offset region) including three diffusion 
sub-regions, in which the surface concentratio is and the diffusion depths differ from each 
other, is formed in the surface portion of a seci ion Ld of n-type well region 1 64 (an n-type 
drift region). The width of the section Ld is at out 70 micrometers to guarantee the 
breakdown voltage of 700 V. To form p-type diffusion region 169, boron ions are doped 
collectively to the diffusion depth of 1 .0 micro neter at the surface concentration of 5 x 10 16 
cm" 3 . The boron diffusion depth 168 is shown by a broken line. As a result, a first 
diffusion sub-region 169a (p-type) is in the surface portion of first well sub-region 165, a 
second diffusion sub-region 169b (p-type) is in the surface portion of second well sub- 
region 166, and a third diffusion sub-region 169a (p-type) is in the surface portion of third 



well sub-region 167. 



In the actual manufacturing process, phosphorus ions are implanted to the portion 
of the n-type well region that includes the sections Lp l5 Lp 2 and Lp 3 . The dose amount is 
that amount that will produce, after heat treatment, a surface phosphorus concentration of 
about 2.4 x 10 16 cm" 3 . The implanted phosphorus ions are thermally driven at 1 150°C for 
10 hours. Phosphorus ions are added to the/sections Lp 2 and Lp 3 at the dose amount that 
will produce, after heat treatment, a surfacd phosphorus concentration in the sections Lp 2 
and Lp 3 of about 3.0 x 10 16 cm" 3 . And phosphorus ions are added to the section Lp 3 at a 
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dose amount that, after heat treatment, will pfoduce a surface phosphorus concentration in 



section Lp 3 of about 3.6 x 10 16 cm" 3 . Then, to 



form p-type diffusion region 169, boron ions 



are doped into the region that includes the sections Lp l5 Lp 2 and Lp 3 at a dose amount that, 



after heat treatment, will produce a surface bqron concentration of about 5x10 cm . The 
doped boron ions are driven thermally. 



The surface concentration of p-type base region 153 is about 3 x 10 cm . The 
diffusion depth of p-type base region 153 is about 2 micrometers. The threshold voltage of 
the power MOSFET is set by the surface concentration in p-type base region 153. Then, a 
thermally oxidized film 160 of 0.6 micrometer in thickness is formed. A polysilicon gate 
electrode 157 is formed on a gate oxide film 163 (insulation) of 25 nm in thickness. 
Although not shown in Fig. 15, n + -type contact regions are formed in an n-type source 
region 155 and an n-type drain region 154. The diffusion depth of each n + -type contact 
region is about 0.2 micrometers. The surface concentration in each n + -type contact region 
is 1 x 10 20 cm" 3 . A p + -type contact region 156 is in the surface portion of p-type base region 
153. The surface concentration of p + -type contact region 156 is 5 x 10 19 cm" 3 . The 
diffusion depth of p + -type contact region 156 is 0.5 micrometer. 

Various alternative methods may be employed to provide p-type diffusion region 
169 with impurity concentration variations. The number of diffusion sub-regions in p-type 
diffusion region 1 69 is not limited to three. The number of sub-regions in p-type diffusion 
region 1 59 depends on the breakdown voltage class, the oxide film thickness, the state of 
mounting, the circumstances in which the device is used, and other such conditions. 
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The semiconductor device according to the fourth embodiment exhibits the same 

effects that the semiconductor device according to the third embodiment does. 

However, for forming a diffusion region including a plurality of sub-regions having 

impurity concentrations that differ from each other, it is necessary to prepare multiple 

sheets of photomasks. The number of sheets will be as many as the number of sub-regions 

desired. For forming diffusion regions in which the conductivity types differ from each 

other, it is also necessary in the foregoing manufacturing methods to prepare multiple 

sheets of photomasks. The necessity of preparing multiple sheets of photomasks greatly 

increases manufacturing costs. In the following, improved methods that obviate the 

problem described above will be described. 

The improved methods of the invention will now be described. The improved 
methods use one photomask to form a plurality of sub-regions, in which the impurity 
concentrations differ from each other, or to form a number of diffusion regions, in which 
the conductivity types differ from each other. 

One of the improved methods uses, as a mask for ion implantation, a thin film 
formed of multiple layers, in which the materials and the etching speed differ from each 
other. The uppermost layer of the mask is machined using a photomask, and the lower 
layers are machined one after another. An opening is formed through each layer of the 
mask for ion implantation by self-alignment, so that each lower layer of the mask has a 
wider opening than the adjacent upper layer. Using the mask formed as described, sub- 
regions having differing amounts of implanted ion amounts are formed within an impurity 
diffusion region through a one-step ion implantation process. 
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Alternatively, a mask for implanting ions of different conductivity types can be 

formed by self-alignment using a photomask, and impurity diffusion regions having 

conductivity types that differ from each other, can be formed using the mask formed as 

described above. Here, the word "self-alignment" means that a plurality of similar patterns 

is formed using a single photomask. 

Figs. 1 6(a) through 1 6(e) are cross-sectional views for explaining the steps of 
forming an impurity diffusion region that includes a plurality of sub-regions in which the 
impurity concentrations differ from each other. Referring now to Fig. 16(a), an Si0 2 film 
42 is formed on a silicon substrate 41 . A photoresist 43 is coated on Si0 2 film 42. After 
photoresist 43 is cured, an ultraviolet ray 45 is irradiated onto photoresist 43 through a 
photomask 44. An opening 46 is formed in the section of photoresist 43 corresponding to 
the section in which an impurity diffusion region is to be formed, by light exposure and by 
subsequent etching. Referring to Fig. 16(b), the portion of Si0 2 film 42 beneath opening 
46 of photoresist 43 is removed by dry etching. 

Referring to Fig. 16(c), Si0 2 film 42 below photoresist 43 is removed laterally with 
hydrofluoric acid for an intended width II (the section II in Fig, 16(c)). Thus, section I, 
indicating silicon substrate 41, is exposed; section II is covered with photoresist 43; and 
section III is covered with Si0 2 film 42 and photoresist 43. However sections I, II and III 
are all formed by self-alignment using a single photomask 44. 

Referring now to Fig. 1 6(d), boron ion implantation 47 is directed onto the entire 
surface of silicon substrate 41 . Since the ion-implantation blocking capabilities of sections 
I, II and III are different from each other, the implanted amounts of ions 48 in the sections 
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I, II and II also differ from each other. More specifically, the following relational 

expression holds for the implanted ion amounts in the sections I, II and II: 

The implanted ion amount in section I > 

the implanted ion amount in section II > 

the implanted ion amount in section III. 

Referring to Fig. 16(e), photoresist 43 is removed, and the implanted ions are 
driven thermally, resulting in a p-type region 49. The resulting p-type region 49 includes 
continuous impurity diffusion sub-regions having the impurity concentrations that differ 
from each other. Since the ranges of the ions are different from sub-region to sub-region, 
the diffusion depths of the sub-regions are a little bit different from each other. The depths 
of the sub-regions are exaggerated in Fig. 16(e). 

Now (1) a method of forming an impurity diffusion region including a plurality of 
sub-regions, in which the impurity concentrations differ from each other, using a single 
photomask; and (2) a method of forming a plurality of impurity diffusion regions, in which 
the conductivity types differ from each other, using a single photomask, will be described 
in connection with respective embodiments. 

Figs. 1 7(a) through 1 7(e) are cross-sectional views illustrating the steps of forming 
an impurity diffusion region including a plurality of sub-regions, in which the impurity 
concentrations differ from each other, according to a fifth embodiment of the invention. 
The method described with reference to Figs. 17(a) through 17(e) uses a photomask 100 to 
form a p-type offset region 10 formed by three p-type sub-regions 7, 8 and 9. 
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Referring to Fig. 17(a), an LTOSi0 2 film 2 (an Si0 2 film formed by low 

temperature oxidation) of 1 micrometer in thickness is formed on an n-type silicon 

substrate 1 . A plasma SiN film 3 (silicon nitride film formed by the plasma CVD method) 

of 1 micrometer in thickness is formed on LTO-Si0 2 film 2. A photoresist 4 of 1 

micrometer in thickness is coated on plasma SiN film 3. Photoresist 4 is cured, and an 

ultraviolet ray 101 is irradiated through a photomask 100 onto photoresist 4. After 

exposing photoresist 4 to light, an opening 1 6 is formed by etching the portion of 

photoresist 4 corresponding to the portion in which a diffusion region will be formed. 

Referring to Fig. 17(b), the portion of plasma SiN film 3 below opening 16 of 
photoresist 4 is removed by dry etching. Although not shown in the figures, SiN film 3 has 
a binary layer structure having an upper layer of around 5 nm in thickness, and the etching 
speed thereof is relatively fast. This upper layer exhibiting a high etching speed is formed 
by modifying the surface of SiN film 3. The surface of SiN film 3 is modified by exposing 
the surface of SiN film 3 to hydrogen plasma. Alternatively, the upper layer of SiN film 3 
is formed by depositing a thin plasma CVD-SiN:H film (silicon nitride film containing a 
small amount of hydrogen formed by the plasma CVD method) on a thermally nitrogenized 
silicon film. Due to the upper layer exhibiting a high etching speed, SiN film 3 is etched 
laterally for a certain width X. The etching plane of SiN film 3 is tapered, as shown in Fig. 
17(b). The lateral width X is adjusted by prolonging the etching period of time past the 
amount of time needed to etch SiN film 3 to achieve the desired thickness or depth. 

LTO-Si0 2 film 2 is not etched by the dry etching described above. The substrate 1 
is dipped in hydrofluoric acid, and LTO-Si0 2 film 2 is etched for a certain lateral width Y 
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from the edge of the opening of plasma SiN film 3 by wet etching. Then, boron ion 

implantation 5 onto the entire surface of silicon substrate 1 is performed through the mask 
formed of photoresist 4, plasma SiN film 3, and LTO-Si0 2 film 2. The concentration of 
the implanted boron ions 6 is the highest in the region A of silicon substrate 1 below 
opening 16 of photoresist 4. The concentration of the implanted boron ions 6 is 
intermediate in the region B of silicon substrate 1 below photoresist 4. The concentration 
of implanted boron ions 6 is the lowest in the region C of silicon substrate 1 below the 
binary layered mask formed of photoresist 4 and plasma SiN film 3. The concentration of 
the implanted boron ions 6 is zero in the region D of silicon substrate 1 below the ternary 
layered mask formed of photoresist 4, plasma SiN film 3, and LTO-Si0 2 film 2, since the 
ternary layered mask completely blocks the boron ions. However, if the ternary layered 
mask is thin enough, some implanted boron ions 6 may be placed in the region D. 

Referring to Fig. 17(c), the ternary mask for ion implantation including photoresist 
4, plasma SiN film 3, and LTO-Si0 2 film 2 is removed, and the implanted boron ions 6 are 
driven thermally. As a result of this thermal driving step, the regions A, B and C are turned 
into a first p-type sub-region 7, a second p-type sub-region 8, and a third p-type sub-region 
9, respectively. The boron concentration is the highest in the first p-type sub-region 7, 
intermediate in the second p-type sub-region 8, and the lowest in the third p-type sub- 
region 9. The first p-type sub-region 7, the second p-type sub-region 8 continuous to the 
first p-type sub-region 7, and the third p-type sub-region 9 continuous to the second p-type 
sub-region 8, taken together, constitute a p-type region 10. Since the ranges of the ions are 
different from sub-region to sub-region, the diffusion depths of the sub-regions are also a 
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little bit different from each other. The depths of the sub-regions are exaggerated for 

purposes of illustration in Fig. 17(c). 

Referring now to Fig. 1 7(d)^a p-type base region and a part of the p-type offset 
region are formed by boron ion implantation 1 3 using a patterned photoresist 1 1 as a mask. 
The dose amount of boron ions 12 is s\t mor than around the boron dose amount used in 
the foregoing region A. ^ — — 

Referring to Fig. 17(e), p-type regions 14 and 15 are formed by thermally driving 
the boron ions 12. The p-type region 15 is used for a p-type base region as one constituent 
element of the semiconductor device. The p-type region 14 and the first through third sub- 
regions 7 through 9 constitute a p-type offset region with varying impurity concentrations. 
Although the descriptions of the succeeding manufacturing steps are omitted, a 
semiconductor device the same as the semiconductor device of Fig. 1 is finally obtained 
using techniques known to those of ordinary skill in the art. Thus, an impurity diffusion 
region including a plurality of sub-regions (sub-regions 7, 8 and 9), which have impurity 
concentrations that differ from each other, is formed using a single photomask 100. 

Figs. 18(a) through 18(d) are cross-sectional views illustrating the steps of forming 
a plurality of impurity diffusion regions, which have conductivity types differing from each 
other, according to a sixth embodiment of the invention. The method described with 
reference to Figs. 18(a) through 18(d) uses a photomask to form two diffusion regions, in 
which the conductivity types differ from each other. 

Referring now to Fig. 1 8(a), a thermally oxidized silicon film (hereinafter referred 
to as an "Si0 2 film") 23 of 20 nm in thickness and, then, a thermally nitrogenized silicon 
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film (hereinafter referred to as an "SiN film") 24 of 20 nm in thickness are deposited on an 
n-type silicon substrate 21, which covers p-type region 22. A photoresist 25 is coated on 
SiN film 24 and, then, photoresist 25 is cured. Photoresist 25 is patterned by irradiating an 
ultraviolet ray 201 through a photomask 200, such that photoresist 25 has a window in the 

5 portion thereof corresponding to the portion of n-type silicon substrate 2 1 in which a 

diffusion region is to be formed. Similarly as the foregoing SiN film 3, SiN film 24 has a 
binary layer structure having an upper layer of around 5 nm in thickness, in which the 
etching speed is fast. Due to the binary layer structure, SiN film 24 below photoresist 25 is 

O etched laterally by plasma etching through the window of photoresist 25. The lateral 

lp2 etching width X is adjusted by controlling the period of time over which the over-etching is 

^ : £ 

? n allowed to occur. 

l~ '■ * 

£fl Referring to Fig. 1 8(b), boron ion implantation 26 is conducted to implant boron 

□ ions 27 in the portion of silicon substrate 21 below the window of photoresist 25. 

* **_. 
*** < 

W Referring to Fig. 18(c), photoresist 25 is removed. A p + -type region 29 is formed by 

i. 3 
*f-p* 

lgf thermally driving the implanted boron ions 27 in an oxidizing atmosphere. At the same 

time, a thick oxide film 28 of around 1 micrometer in thickness (hereinafter referred to as a 
"LOCOS film") is formed in the portion of Si0 2 film 23 not covered by SiN film 24. 

Referring to Fig. 1 8(d), LOCOS film 28 functions as a mask for the succeeding 
impurity ion implantation. By phosphorus ion implantation 30, phosphorus ions 31 of the 

2 0 opposite conductivity type are implanted in the portion not covered by LOCOS film 28. 

An n + -type region 32 is formed by the succeeding thermal drive. In short, diffusion regions 
29 and 32, which have conductivity types opposite to each other, are formed through the 
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above described steps using only a single photomask 200. Thus, impurity diffusion 
regions, which have conductivity types that differ from each other, are formed using only 
one photomask. 

As described above, the semiconductor device according to the invention, which 
5 includes an offset region including a plurality of impurity diffusion sub-regions, in which 

the impurity concentrations differ from each other, facilitates the stabilization of the 
breakdown voltage thereof. The manufacturing method according to the invention, which 
uses only one photomask for forming an impurity diffusion region including a plurality of 
□ sub-regions, which have impurity concentrations for forming a plurality of different 

** -- 

19 2 impurity diffusion regions, and/or which have conductivity types differing from each other, 

* > «■ 

? r* facilitates the reduction of manufacturing costs. 

m Additional advantages and modifications will readily occur to those skilled in the 

C3 art. Therefore, the invention in its broader aspects is not limited to the specific details and 

V 

E ~ representative embodiments shown and described herein. Accordingly, various 

1 |: modifications may be made without departing from the spirit or scope of the general 

inventive concept as defined by the appended claims and their equivalents. 
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